Abstract
Introduction
Not until the middle of the 20th century was there a name for a disorder that now appears to affect an estimated 3.4 every 1,000 children ages 3-10, a disorder that causes disruption in families and unfulfilled lives for many children. In 1943 Dr. Leo Kanner of the Johns Hopkins Hospital studied a group of 11 children and introduced the label early infantile autism. At the same time a German scientist, Dr. Hans Asperger, described a milder form of the disorder that became known as Asperger syndrome. These two disorders were described as the most frequent pervasive developmental disorders 1 , more often referred to today as autism spectrum disor- 1 Rett syndrome and Childhood Disintegrative Disorder are other, quite rare, pervasive developmental disorders. ders (ASD). All these disorders are characterized by varying degrees of impairment in communication skills, social interactions, and restricted, repetitive and stereotyped patterns of behavior. From a statistical viewpoint, 1 in 150 children (1 in 94 boys) is born with autism, while about 1.5 million Americans have an ASD. Moreover, autism is the fastest-growing developmental disability, with 10% to 17% annual growth (one autistic child is born every 20 minutes) 2 . At a financial level, $90 billion is the USA annual cost for treatment of autism. Nevertheless, cost of life-long care can be reduced by 2/3 with early diagnosis and intervention. As the central feature of autism is attention-tunnelling, monotropism, computers can be an ideal environment for promoting communication, sociabilility, creativity, and playfulness for individuals even at the extreme of the autistic spectrum. Following the UNESCO principles under the global "Education for All" movement 3 (www.unesco.org/edu-cation), the proposed project, namely NOESIS, aims at normalizing the education procedure of kids with autism spectrum disorders by creating a novel educational tool that takes into account their individual characteristics and adapts the educational procedure accordingly.
NOESIS structure
NOESIS consists of separate modules that are integrated on a common basis, i.e., to involve kids, educators and parents in an efficient educational environment (see Fig. 1 ). By implementing the applied behavior analysis (ABA), the most effective education methodology of autistic children [1] , enhanced with the latest perspectives in autism causes, i.e., embedding educational procedures that aim at mirror neurons (MN) [2] activation, a computer-based tool is designed to assist educators and ASD kids during their education intervention. Non-invasive biofeedback information (such as Heart Rate Variability-HRV and Galvanic Skin Response-GSR) is used to monitor kid's stress during the educational sessions, combined with complexity analysis resulting in adjustable task difficulty, stimuli and help that fit each kid's specific reaction to the current emotional state and task. Transparent monitoring of kid's playing at his/her 'private area', by using RadioFrequency Identification (RFID) tags-receivers embedded within his/her game parts (e.g., balls, tubes, etc), along with robot-based activities provide additional information about the effects of gaming to his/her educational and social elevation. Moreover, fuzzy logic-based modeling [3] is used across the NOESIS structure to model the whole educational activity, providing realtime scoring information to the educator. With NOESIS, the teacher can select from a variety of 10.000 ABA materials the most appropriate to his/her individual pupil and perform cognitive and meta-cognitive procedures, with regard to the degree of success during the educational intervention (see Fig. 2 ). Statistical analysis, comparisons and reports are also outputted from NOESIS, providing valuable information, both to the educator and the parents regarding their kid's progress. NOESIS provides the bed-set not only for exploration of team's abilities to think about and re-design ASD kid's educational approach, but also to understand and integrate the needs of the whole ASD community, in a joint attempt to facilitate their education and contribute to a better quality of life.
NOESIS potential
The innovations behind NOESIS consist of a broader approach to the problem examined. Until now, ASD software, like BoardMaker [4] and Picture It [5], refers to educational material gathering. Using advanced signal processing and cutting-edge technology NOESIS provides an integrated educational environment which is closer to the kid's needs and, therefore, realistic and more efficient. It is the first ASD educational tool, which uses both biofeedback information and kid's response in an adaptive way that fulfills each kid's specific educational needs. NOESIS provides the educator with flexible ways of setting, evaluating and expanding his/her educational material, combining information from the kid's real world, capturing the essence of his/her understanding abilities and adjusting his/her learning rhythm, under a vast variety of different casestudy scenarios. 
